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A cDNA encoding hepcidin was isolated from a library of cDNA from spleen of red sea bream (Chrysophrys
major) by expressed sequence tag analysis. The expression of the hepcidin mRNA in various tissues was
examined. Challenge of red sea bream with Escherichia coli DH5« elevated hepcidin mRNA levels in spleen, gill,

liver, and intestine.

Antimicrobial peptides constitute important components of
the innate immune system in many species, including plants,
invertebrates, and vertebrates (3, 5, 18). They play an impor-
tant role in protecting these organisms against microbial inva-
sion. Antimicrobial peptides are widespread in various organ-
isms, and a large number of these molecules have been isolated
from invertebrates and vertebrates as well as from plants (4,
10, 11). Few studies have been performed on antimicrobial
peptides from teleosts. Pardaxins, misgurin, pleurocidin, and
moronecidin, which were found in Moses sole fish (19), in
loach (20), in winter flounder (9), and in striped bass (17), are
the main antimicrobial peptides so far isolated from teleosts.
Cysteine-rich antimicrobial peptides are an important part of
the antimicrobial peptide family and have been identified in
the hemolymph of crustaceans and the fat bodies of insects.
Recently, novel cysteine-rich antimicrobial peptides with low
molecular weights have been isolated from human urine (21)
and blood (15). These antimicrobial peptides were designated
hepcidin because they are expressed predominantly in human
liver (21). In fish, few reports on the cloning and expression of
hepcidin genes are available (12, 24). In this paper, we report
the cloning and expression in various tissues of the hepcidin
gene from red sea bream (Chrysophrys major).

A cDNA library was constructed from red sea bream spleen
as described previously (7). Sequences of expressed sequence
tags (300 to 500 bp) were compared with those in GenBank for
identifying hepcidin with the BLAST, version 2.0, program (1,
2). The alignment of the deduced amino acid sequence of
hepcidin was performed with ClustalX (26). A phylogenetic
tree was constructed by the neighbor-joining method (23) and
analyzed with Mega 2 (16). The genomic DNA was isolated
from red sea bream liver with a DNA isolation kit (Sangon,
Shanghai, People’s Republic of China). Intron 1 was amplified
with the primer pair RSBhepcN1 (TCAGTGTTGCAGTTGC
AGTG) and RSBhepcCl (TCTCTTCATCTGCAGCAAC
TG). Intron 2 was amplified with the primer pair RSBhepcN2
(CAATGAGCAATGGCAGCCCA) and RSBhepcC2 (TGCA
GCAGGAATCCTCAACG). PCR was performed as de-
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scribed previously (8). 5" flanking sequences were determined
with the LA-PCR kit (Takara, Dalian, People’s Republic
of China). Primers C1 and C2 were supplied with the kit.
The first PCR was performed with primer pair C1 and RSB-
hepcS1 (5'-CACCTCTGACATCTCTTCATCTGCAGCAAC
T-3"), and the second PCR was performed with primer pair C2
and RSBhepcS2 (5'-CAACTGCAACACTGAATGTCTTCA
TCTTAGGA-3"). Challenge of red sea bream with Escherichia
coli DH5« was carried out as described previously (8). Twenty-
four hours after the injection of bacteria, fish were sacrificed
and tissues were removed and kept at —80°C for RNA isola-
tion. Total RNA was isolated with Trizol reagent (GibcoBRL)
from the tissues of red sea bream weighing 500 g as described
previously (8). The reverse transcription of mRNA and PCR
was carried out as described previously (6). Primer pair RSB-
hepcN1 (5'-CAATGAGCAATGGCAGCCCA-3') and RSB-
hepcCl (5'-TGCAGCAGGAATCCTCAACG-3") was used.
Primer pair RSB-18SN1 (5'-GGCAGCGTCCGGGAAACCA
AAGTC-3") and RSB-18SC1 (5'-CCACCCACAGAATCGA
GAAAGAGC-3') was used for 18S rRNA expression as a
control.

Seventeen cDNA clones among the 2,010 sequenced ex-
pressed sequence tags from the library were found to match
hepcidin ¢cDNA sequences from other vertebrates and were
designated rsbHEPCI. The full-length cDNA is 596 bases long
and contains an open reading frame of 255 bases encoding a
peptide of 85 amino acids (aa) consisting of a signal peptide of
24 aa, a prodomain of 39 aa, and a mature peptide of 22 aa.
The genomic sequence for red sea bream hepcidin and the
upstream region was obtained by PCR (Fig. 1A). In the
1,216-bp genomic sequence, three exons and two introns were
identified (Fig. 1B). The first exon covers the signal peptide
coding sequence and part of the prodomain coding sequence.
The mature peptide was encoded by exon 3. The 5" UTR and
3" UTR are found in exons 1 and 3, respectively. Analysis of
the 5’ flanking region demonstrated the presence of TATA
and CAAT boxes at —48 and —401, respectively. Alignment
and phylogenetic analysis of the amino acid sequences of the
hepcidin from red sea bream and other animals are shown in
Fig. 2. The amino acid sequence of red sea bream hepcidin had
65.9,52.8,49.4,48.3,47.2,42.2,39.0,37.3,27.9,25.2.25.2, 24.1,
and 22.8% identity with those of white bass, winter flounder 3,
winter flounder 2, medakas, winter flounder 1, long-jawed
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FIG. 1. (A) Genomic sequences of red sea bream hepcidin. Uppercase letters, exons; lowercase letters, introns; box, putative transcription
factor binding sites. A TATA box and poly(A) signal are underlined. The mature peptide sequence is boldface and underlined. (B) Structure of

the red sea bream hepcidin gene.

mudsuckers, winter flounder 4, Atlantic salmon, zebra fish,
mouse 1, mouse 2, rats, and humans, respectively. Hepcidin
transcripts were highly abundant in pronephros, kidney, intes-
tine, liver, gill, and stomach, abundant in gonad, heart, and
spleen, less abundant in brain, muscle, and skin, and undetect-
able in red blood cells (Fig. 3A). The mRNA levels increased
significantly in spleen, gill, liver, and intestine at 24 h after
challenge (Fig. 3B).

Similar to those of mammals, the red sea bream hepcidin
gene consists of three exons and two introns. The cDNA struc-
ture indicates that red sea bream hepcidin is translated as an
85-aa prepropeptide that is cleaved at the amino terminal to a
mature peptide of 22 aa residues. Similar to hepcidin from
other fish and mammals, red sea bream hepcidin contains eight
cysteine residues, which is a characteristic feature of most
hepcidins (21, 24). In humans, hepcidin mRNA was predomi-
nantly expressed in liver (13, 17). In teleosts, Shike et al. (24)

also demonstrated that hepcidin mRNA was predominantly
expressed in liver of white sea bass. However, the present study
demonstrated that hepcidin mRNA was highly expressed in
multiple tissues of red sea bream, which is markedly different
from the expression pattern of hepcidin in humans and white
bass (21, 24). However, in winter flounder, hepcidin transcripts
(type III) were detected in esophagus and cardiac stomach as
well as in liver (12). The high similarity in structure to hepci-
dins from other fish species (12, 24) and non-liver-specific
expression of red sea bream hepcidins implied the presence of
polymorphism in hepcidin molecules in teleosts. Similar mo-
lecular polymorphism of hepcidin cDNA was reported in win-
ter flounder and Atlantic salmon (12). Challenging red sea
bream with E. coli DH5a significantly up-regulated the hepci-
din expression in spleen, liver, gill, and intestine. Similarly,
Pigeon et al. (22) indicated that treatment of mice with lipo-
polysaccharide significantly elevated the level of hepcidin
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FIG. 2. Alignment of the red sea bream hepcidin amino acid sequence with other vertebrate sequences (A) and phylogenetic analysis (B).
Numbers to the right of the alignment refer to positions found in the sequences. Identical or similar amino acid residues are black or shaded.
Dashes, gaps used to maximize the alignment. Sources of sequences used for comparison, with references for GenBank accession numbers or the
number itself in parentheses, are as follows: white bass (24), winter flounder 3 (12), winter flounder 2 (12), medaka (AU178966), winter flounder
1 (12), long-jawed mudsuckers (13), winter flounder 4 (12), Atlantic salmon (12), zebra fish (25), mouse 1 (14), mouse 2 (14), rats (22), and humans
(22). Cluster analysis (B) is based on the deduced amino acid sequence of hepcidin from red sea bream and other vertebrates. The scale over the
tree refers to the percentage of divergence.
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FIG. 3. Expression of the hepcidin gene in various tissues of normal red sea bream (A) and red sea bream challenged with E. coli DH5« (B).
Thirty-five cycles of amplification were used for panel A, and 25 cycles were used for panel B. —, fish injected with phosphate-buffered saline; +,

fish injected with E. coli DH5a. 18S rRNA was used as the control.

mRNA in liver. A similar up-regulating effect following bacte-
rial infection was also observed in Atlantic salmon (12) and in
striped sea bass (24). These results implied that hepcidin plays
an important role in the immune response of red sea bream to
infection. The availability of the red sea bream hepcidin gene
lays the foundation for generating recombinant hepcidins to
elaborate the structure and function of red sea bream hepcidin.

Nucleotide sequence accession numbers. Clones designated
rsbHEPCI1 have been assigned GenBank accession number
AY452732, and the genomic sequence encoding red sea bream
hepcidin and the upstream region was assigned GenBank ac-
cession number AY452733.
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